Summary: The morphogenesis of viral haemorrhagic disease virus (VHDV) of rabbits in infected cell
INTRODUCTION
The morphological features and morphogenesis of a virus are major criteria for the classification of a virus. Viral haemorrhagic disease virus (VHDV) is a new virus with special characteristics, as described by Xu in this issue. This is particularly true with regard to virus multiplication in vivo and haemagglutination. Haemagglutination titres have been detected in liver tissue of infected rabbits as early as 2 h post infection (p.i.) (16, 17) and observed to rise rapidly, reaching a maximum (as high as 10 x2 14 to 10 x2 16 ) at death. In an in vitro cell culture system, specific fluorescence was first detected in the nucleus 4 h p.i. (7) . All this has fascinated research workers interested in VHDV morphogenesis. Although the characteristics of VHDV have been studied in detail, the exact nature of the virus is still being disputed throughout the world. Studies of the morphogenesis of VHDV are therefore valuable in understanding the replication and assembly sites of the virus in infected cells. This paper provides a complement to the other chapters in this issue by offering a detailed description of the morphogenesis of the VHDV.
LOCALISATION AND DEVELOPMENT OF VHDV ANTIGENS
The kinetics of the development of VHDV antigens have been studied by immunofluorescent and immunohistochemical techniques in both experimental animals and cultured cells. As detected by the immuno-gold-silver stain (13, 14, 15) , viral antigen appears first in the nucleolus of infected tissue cells 4 h after infection and remains localised in the nuclei of cells in various tissues, including the liver, spleen, lung, kidney and intestinal epithelium, endothelium of vessel walls, circulating neutrophils, lymphocytes and mast cells. Development of the stained substance in immunoperoxidase studies proved similar to that in the immuno-gold-silver stain. The intranuclear staining penetrated the nuclei and became more intense 8 h p.i.; it had filled the nuclei by 12 h p.i. and had reached maximum intensity 16 to 20 h p.i. At 24 h p.i., stained substance appeared in the cytoplasm and continued to increase, while intranuclear staining disappeared concurrently. In some cells, nuclear membranes also stained intensely (6, 9) .
Detection of VHDV antigens in cultured cells, designated DJRK cells, has been accomplished most successfully by fluorescein-labelled antibodies, prepared against intact or dissociated viral capsid proteins. Nuclear fluorescence is first observed 4 h p.i. and appears intensely in nuclear membranes at 8 h p.i. Fluorescence in the cytoplasm of infected DJRK cells can be found 10 h p.i. and remains in the cytoplasm thereafter (7). These results are very similar to those of observations in experimental animals; together, they show that the rapid multiplication of virus is characteristic of VHDV.
VHDV IN ADAPTED CELL CULTURE
Since 1984, a number of attempts have been made to cultivate VHDV in various cell culture systems and primary rabbit cells (1, 3, 4, 12) ; none of them, however, has been successful in the adaptation of VHDV to cell cultures. Recently, an epithelialtype cell line, designated DJRK, was established from primary rabbit kidney cells (7) . Evidence from serial passages indicates that VHDV is adaptable to DJRK cells. Regular cytopathic effect (CPE) can be observed during the third passage. This involves vacuolation, rounding of ruptured cell membranes and partial detachment of cells. As will be discussed below, the virus-loading cellular debris can still be detected in necrotic cells. This finding might suggest that the majority of viral particles are released following complete cell disruption.
Ji et al. (7) have described certain features of VHDV morphogenesis when samples taken from the cell cultures at various periods p.i. are prepared for electron microscopy.
The earliest effect of VHDV infection is localised in the nucleus of VHDV-infected cultured cells. The nucleus becomes enlarged; vacuolation and chomotin condensation and displacement towards the nuclear membrane take place within the nucleus. The nucleolar material also appears to be altered. In comparison to the amorphous component of the nucleolus, the amounts of granular material increase ( Fig. 1) (7) .
FIG. 1 Electron micrograph of DJRK cells 8 h post infection, showing electron-dense granular material accumulated in the nucleus (arrow) and chomatin displaced towards the nuclear membrane
Electron density of granular material gradually becomes intense. The formation of viral core particles comes from these granules by accretion of viral structural components. This process may encompass viral replication and assembly (Fig, 2) .
FIG. 2 Electron micrograph of DJRK cells at 12 h post infectionthe viral core particles are seen in the nucleus
The maturation process, as described here, resembles the description of the morphogenesis of hepatitis B virus, the replication of which takes place within the nucleus (with accumulation of HBcAg), while HBsAg production occurs in massive amounts in the cytoplasm (10) . If the structural components of the virus are not present in equimolar amounts, the maturation process may go partially astray, resulting in the formation and accumulation of viral capsid components as well as of empty capsids (Figs. 3 and 4) . This process usually occurs early in the post-infection stage. In addition, mature viral particles in the nucleus of infected cells are rare. In part, this may be due to the relatively low efficiency of the viral assembly process, and in part to the disruption of the nuclear membrane or to the enlargement of nuclear pores, resulting in the release of viral particles from the nucleus into the cytoplasm. Most of the information on the morphogenesis of VHDV in tissues has emerged from electron microscopic observations at various periods after experimental infection. Because the samples taken from dying or infected rabbits were prepared for electron microscopy, results of early studies in the People's Republic of China showed that the cytoplasm of infected cells was filled with a large number of virions; it was therefore suggested that VHDV might be a RNA virus (2, 19) . The same conclusion was also reached in this laboratory (8) . Further investigations on the localisation of viral antigens (see above) and on the pathogenesis of VHDV have provided valuable information on the morphology and localisation of VHDV in various tissues and cells of infected rabbits; this information shows that VHDV antigens and viral particles first appear in the nucleus of infected cells (11, 14, 18 ; Z.S. Gong, personal communication). Such findings indicate that the morphogenesis of VHDV may take place within the nucleus of infected cells. In recent years, systematic observations of the morphogenesis of VHDV at different stages after infection have been described based on electron microscopic examinations (5). Soon after infection, the alteration of VHDV infected cells are similar to those described in the cell culture system. Electron-dense granular material can be found in the nucleus of infected cells (Fig. 5) ;
FIG. 5 Electron micrograph of hepatic cells from an infected rabbit in the early post-infection stage
Electron-dense granular material can be seen in the nucleusf (arrows) interspersed viral particles, however, can initially be seen in the nucleus of hepatic cells (Fig. 6) . Subsequently, the process by which mature viral particles are released from the nucleus into the cytoplasm has also been observed. Several procedures can be discerned from this observation (Fig. 7) :
-the nuclear degeneration and rupture of the nuclear membrane;
-the enlargement of nuclear pores;
-the disappearance of the lamella of the nuclear membrane. The virions are sometimes transported from perinuclear space to the extracellular fluid; interspersed or aggregated mature viral particles, 32-34 nm in diameter, therefore fill the cytoplasm of infected cells (Fig. 8) . Only a few viral particles can be found in the nucleus of infected cells. In the late post-infection stage, the virions are released following complete lysis (Fig. 9) .
FIG. 8 Electron micrograph of lymphocyte from a rabbit infected with VHDV
The viral particles in the perinuclear space (single arrow) are released into the intracytoplasmic space through a direct connection with the endoplasmic reticulum (double arrows) PALABRAS CLAVE: Antígenos virales -Localización -Microscopía electrónica -Morfogénesis -Virus de la enfermedad hemorrágica viral del conejo.
MORPHOGÉNESE SYSTÉMATIQUE DU VIRUS DE LA MALADIE HÉMORRAGIQUE VIRALE SUR DES LAPINS CONTAMINÉS ET DES CULTURES CELLULAIRES
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